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(g) Display unit 



(g) A display unit includes an indicator (1) for 
projecting a predetermined image, an image- 
forming optical system (3) for fonming a real 
image at a predetenmined position according to 
the image projected by the indicator, and a 
transparent hologram screen (10) disposed at 
the image-forming position of the image form- 
ing optical system to diffract the real image in a 
predetermined direction with a directivity. Be- 
cause a real image on the screen is used the 
image can be brought doser to the observer 
than is the case with a known head-up display. 
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The present invention relates to a display unit 
employing an image forming optical system for form- 
ing an image on a transparent screen according to an 
image provided by an indicator, and particularly, to a 
head-up display type unit for displaying an image over 5 
a background in a field of view. 

Head-up displays for displaying indications of 
various instruments over a front view (a background) 
are conventionally used in aircraft, particularty com- 
bat planes, and recently have become frequently io 
used in automobiles, to improve safety. 

Such head-up displays would prove useful and 
convenient to reduce fatigue and improve efficiency if 
applicable to a clerk's window in a banks, etc.. to 
speech or lecture tables, and to sportscaster's seats. is 
because the head-up display can display an image 
(second information) from an indicator over a front 
view (first information) so that a clerk at the window, 
a lecturer, or a sportscaster can keep his or her eyes 
on the first infomnation (such as a customer, an audi- 20 
ence, or a game) and simuttaneouslyobserve the sec- 
ond information (such as account information, lecture 
materials, and data of athletes) without moving his or 
her eyes each time. 

The present invention has been developed to* 25 
meet the above requirements. Note, the present 
invention is not limited to the above applications but 
is applicable to any kind of display units, such as dis- 
play units of personal computers, word processors, 
and other office automation equipment 30 

Display units of personal computers and word 
processors are, for example, CRTs, liquid crystal dis- 
play units, and plasma display units, and these con- 
ventional display units have a plate-like or box-like 
shape and are opaque, and thus a user cannot look 35 
at something else while closely observing the screen 
of the display unit If the user wants to look at infor- 
mation displayed on the display unit while looking at 
something else, the user must move his or her eyes 
toward the display unit and away from the thing at 40 
which the user is looking. If the display unit is trans- 
parent, however the user can see both a background 
and an image on the display unit without moving his 
or her eyes. 

One technique of overlaying a background and a 45 
displayed image one upon another is the head-up dis- 
play (HUD). This technique fonns an image (a virtual 
image) provided by an indicator in the field of view of 
a user, and the virtual image is displayed as at a dis- 
tance, and thus the user is not required to move his so 
or her eyes or the focal points of the eyes (Fig. 29). In 
Fig. 29. a background image and an image from an 
indicator 105 through a transmission-type hologram 
103 overlap on an image combiner 101. The image 
combiner 101 is usually a reflection-type hologram. 55 
because a reflection-type hologram has wavelength 
selectivity which can improve the efficiency of use of 
both the indicator light and the background light The 



head-up display itself is a known technique, and 
therefore, is not explained in more detail. 

The head-up display technique is naturally applic- 
able for the transparent display unit mentioned above, 
but is not easily applied because a virtual image (an 
indication) is formed behind the surface of an image 
combiner . A conventional display unit (such as a CRT 
and a liquid crystal display) cannot be employed, sim- 
ply because it appears incongruous and because the 
surface of the image combiner must be brought too 
close to the eyes of the user when an image is dis- 
played at a least distance of distinct vision (e.g.. about 
30 cm). 

These problems will be explained with reference 
to Fig. 29. The HUD comprises the indicator 105, 
transmission-type hologram 103. and reflection-type 
hologram (image combiner) 101. An image provided 
by the indicator 105 forms a virtual image Iv through 
the two holograms 103 and 101 on the far side of the 
image combiner 101 with respect to the eyes of a 
user, so that the displayed image (virtual image) Iv 
and a back ground B overlap. The direction of light dif- 
fracted or reflected by a hologram depends on the 
wavelength of the light incident thereon (wavelength 
dispersion). When light having a wide wavelength 
band is used instead of a monochromatic light such as 
a laser beam, the wavelength dispersion is usually 
compensated with two holograms. A hologram is 
originally meaningful when used as an image com- 
biner. To correct any chromatic aberration, a pair of 
holograms (101 and 103) is used, but it is difficult to 
fonm an image-forming system having a large screen 
and a short focal length (a short distance between a 
virtual image and the image combiner) with two holog- 
rams, because this increases a numerical aperture, 
and thus does little to correct the chromatic aber- 
ration. Unlike a conventional display unit (a light emis- 
sion type), the head-up display cannot align the 
position of the device (a display screen) with the posi- 
tion of a displayed image, and therefore, to see an 
image at a least distance of distinct vision (about 30 
cm), the image combiner must be very close to the 
face of a user, which is not practical. 

An object of the invention is to realize a display 
unit which is transparent and having a display screen 
substantially aligned with the surface of the unit 

In embodiments of the present invention, in an 
image-forming system which forms an image indi- 
cated by a small-sized indicator on a surface of a 
hologram, the hologram has a function of deflecting 
spherical wave light which diverges from a position 
(e.g., a pupil position) of the image forming system, 
toward the positions of the eyes of a user of the dis- 
play unit To expand a range of view field in which a 
displayed image can be seen, the invention may 
employ multilayered or multi-recorded holograms 
which deflect spherical wave light diverging from the 
pupil position of the image forming system, in different 
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directions around the eyes of the user. 

The invention provides a display unit comprising 
an indicator for projecting a predetermined image, an 
image-fonming optical system for forming a real Image 
at a predetermined position according to the Image 5 
projected by the indicator, and a transparent holog* 
ram screen disposed at an image-forming position of 
the image-forming optical system to diffract the real 
Image in a predetenmined direction with a directivity. 

The transparent hologram screen may comprise io 
a reflection- or transmission-type hologram. The 
hologram has a function of converting, with respect to 
a wavelength among spectra of indicator light, spheri- 
cal wave light which divergently propagates from a 
position (e.g., a pupil position) of the image-forming 15 
optical system or the vicinity thereof. Into a spherical 
wave light which Is directed toward the eyes of an 
observer located In a space on the same or opposite 
side of the hologram with respect to the image-form- 
ing optical system. 20 

According to another embodiment, the hologram 
comprises a plurality of holograms which are mul- 
tilayered or multi-recorded on a single photosensitive 
medium for diffracting, with respect to a wavelength 
among spectra of indicator light, spherical wave light 25 
which divergently propagates from a pupil position of 
the image-forming optical system, toward a plurality of 
spots around the eyes of an observer located in a 
space on the same or opposite side of the hologram 
with respect to the image-forming optical system. 30 

The hologram preferably comprises a first holog- 
ram and a second hologram which are multilayered or 
multi-recorded on a single photosensitive medium 
layer. The first hologram converts, with respect to a 
wavelength among spectra of indicator light, spherical 35 
wave light which divergently propagates from a pupil 
position of the image forming optical system, into 
spherical wave light which convergently propagates 
toward a first spot located in a space on the same or 
opposite side of the hologram with respect to the 40 
Image-fonming optical system. The second hologram 
converts, with respect to a wavelength among spectra 
of the indicator light, spherical wave light which diver- 
gently propagates from the pupil position of the 
image-forming optical system, into spherical wave 45 
light which convergently propagates toward a second 
spot located In a space on the same side of the holog- 
ram as the image-fonming optical system exists. 
These first and second spots are selected by the left 
eye and right eye of an observer. so 

A wavelength band-pass filter for selectively 
transmitting tight having a wavelength in a selected 
reflective wavelength width of the reflection-type 
hologram, or an optical-path -folding mirror having a 
wavelength selectivity may be interposed in an optical 55 
path between the reflection-type hologram and the 
indicator. 

The image-fonning optical system may be pro- 



vided with a variable aperture diaphragm. 

According to another embodiment of the inven- 
tion, the transparent hologram screen comprises a 
transparent curved substrate having a hologram, and 
the imageforming optical system has a field curvature 
aberration for forming an image on the curved holog- 
ram screen according to a planar image provided by 
the indicator. 

Note that the tenm "wavelength" as referred to 
herein defines a wavelength band having a certain 
width. 

The transparent hologram enables a user to see 
a displayed image over a background image. The sur- 
face of the image combiner acts as an image-emitting 
surface, like a display screen of a conventional dis- 
play unit, so that a display screen of the display unit 
of the Invention Is aligned with the position whereat an 
image is actually displayed. 

The hologram may have the function of convert- 
ing, with respect to a wavelength among spectrum of 
indicator light, spherical wave light which divergently 
propagates from the (pupil) position of the image- 
forming optical system, into spherical wave which 
convergently propagates toward the eyes of an obser- 
ver located in a space on the same or opposite side 
of the hologram with respect to the image-fonming 
system, and as a result the observer can see a real 
image of an image provided by the indicator on the 
display screen of the image combiner (the reflection- 
type hologram or the transmission-type hologram). 

The hologram may form an image at a plurality of 
spots around the eyes of the observer, so that the 
observer can clearly see the image in the observer's 
field of view even if the observer moves his or her 
eyes to some extent. The image-forming positions are 
preferably selected by the left eye and right eye of the 
observer. 

The wavelength band-pass filter or the optical- 
path-folding mirror having wavelength selectivity is 
disposed In the optical path between the reflection- 
type hologram and the Indicator to selectively transmit 
light which is in a selected reflective wavelength width 
of the reflection- type hologram, and as a result, the 
color of. for example, an indicator light is preferably 
selected. 

By controll ing the size of a variable-aperture diap- 
hragm arranged for the Image-forming optical system, 
a visible range of a displayed image can be easily con- 
trolled. 

The invention is applicable to a curved hologram 
screen only by providing the image-forming optical 
system with screen curvature aberration, as with this 
anrangement. a flat image provided by the Indicator 
can form an image on the curved hologram screen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features of the present invention will 
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become more apparent from the following description 
directed to prefenred embodiments of the invention, 
with reference to the accompanying drawings. In 
which: 

Fig. 1 is a view showing a basic concept of a dis- 5 
play unit of the invention; 

Fig. 2 is a diagram showing a shape of spectra of 
light emitted from an indicator Incorporated in a 
display unit of the invention; 

Figs. 3a to 3c and Figs. 4a to 4c are views show- io 
Ing different positional relationships between an 
indicator surface, an image-fomning means, and 
a hologram, of an image-forming system of the 
invention; 

Fig. 5 is a view explaining a means for expanding is 
a view range of a display unit of the invention; 
Fig. 6 is a view showing an arrangement of a dis- 
play unit of the invention; 

Fig. 7 Is a view showing a method of constructing 

a reflection-type hologram employed in the inven- 20 

tion; 

Fig. 8 is a view showing an exterior of a display 
unit of the invention; 

Fig. 9 is a modification of an Image-forming sys- 
tem of the invention; 25 
Fig. 10 Is a view showing an embodiment of the 
invention employing a transmission-type holog- 
ram; 

Fig. 1 1 is a characteristic diagram of a hologram 
for displaying an Image with two colors according 30 
to an embodiment of the invention; 
Fig. 12 is a characteristic diagram of a hologram 
for displaying an image with three colors accord- 
ing to an embodiment of the invention; 
Fig. 13 is a view showing another embodiment of 35 
the invention; 

Fig. 14 is a view showing a selected example of 
a reflective wavelength band of a reflection-type 
hologram according to the embodiment shown In 
Fig. 13; 40 
Fig. 15 is a view showing a modified embodiment 
of Fig. 13; 

Fig. 16 is a view showing a still another embodi- 
ment of Fig. 13; 

Fig. 17 is a view showing a selected example of 45 
a reflective wavelength band of a reflection -type 
hologram according to the embodiment shown in 
Fig. 16; 

Figs. 1 8a and 18b are views showing a method of 
adhering two holograms together according to an so 
embodiment of the invention; 
Figs. 1 9a and 1 9b are views showing a method of 
adhering three or more holograms together 
according to an embodiment of the invention; 
Fig. 20a is a view showing a holographic screen ss 
according to an embodiment of the invention; 
Fig. 20b Is an enlarged view of one hologram ele- 
ment of a holographic screen shown in Fig. 20a; 



Figs. 21a. 21b and 21c are views showing three 
kinds of light waves reflected by a holographic 
screen shown in Fig. 20a; 
Fig. 22a is a view showing a display unit employ- 
ing a holographic screen shown in Fig. 20a; 
Fig. 22b is an enlarged view of a holographic 
screen shown in Fig. 22a; 
Fig. 23 is a view showing a method of construct- 
ing a holographic screen according to an embo- 
diment of the Invention; 

Fig. 24 is a view showing a basic concept of a 
method of constructing a holographic screen 
shown in Fig. 23; 

Figs. 25a and 25b are perspective and enlarged 

views showing a GRIN lens array plate shown In 

Figs. 23 and 24, respectively; 

Fig. 26 is a view of a transmission type GRIN lens 

an-ay; 

Fig. 27a and 27b are views showing two partially 
overlapping visual areas and two visual areas 
without an overiapping portion; 
Fig. 28 is a view explaining a problem when a half 
mirror is used as an image combiner; and 
Fig. 29 is a view showing an example of a conven- 
tional head-up display. 

Figure 1 shows a display unit 5 according to an 
embodiment of the invention, wherein the transparent 
display unit is constituted by an indicator 1 forming an 
image on an indicator surface 2, and an image-form- 
ing means (such as a lens) 3 forming an image on a 
transparent-type hologram (an image combiner) 4 
according to the image provided by the indicator, 
whereby reflected and diffracted light 21 from the ref- 
lection-type hologram 4 is emitted toward a position 6 
of an eye of a user. The reflection-type hologram 4 is 
fabricated such that spherical wave light diverging 
from a pupil position 22 (or around a center) of the 
image-forming means 3 is converged toward the eye 
position 6, with respect to a center wavelength Xc (Fig. 
2) of a wavelength band of the indicator light Note the 
converging rays are indicated with thick lines 23 in 
Fig. 1. Note, since a method of constructing the ref- 
lection-type hologram is known, an explanation 
thereof is omitted. Light from a point P on the indicator 
surface 2 forms a real Image point Q on the surface 
of the reflection-type hologram 4 through the Image- 
forming means 3. The image point Q acts as a spot 
light source, and a divergent solid angle CI of the light 
is substantially equal to a convergent solid angle QO 
of light which is formed when the image-forming 
means 3 forms the point Q. To expand a range of the 
eye position 6 at which the displayed image can be 
seen, an aperture of the image-forming system must 
be enlarged accordingly (to be explained later). Light 
from all points on the indicator surface 2 overlap at the 
eye position 6, so that the entire displayed image can 
be seen. If the reflection-type hologram 4 is replaced 
with a half mirror 7 as shown in Fig. 28. it is not poss- 
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ibie to see the entire displayed image (represented 
with an arrow mark in Fig. 1 ) at one time because the 
half mirror simply reflects the image such that each 
point of the real image does not always reach the eye 
position 6 of the user of the display unit. Namely, an 5 
optical element (such as the mirror) having a regular 
reflection function cannot realize the display unit hav- 
ing a wide view field. 

Figures 3a. 3b and 3c show variations of relative 
positions of the indicator surface 2, image-forming io 
means 3. reflection-type hologram 4, and eye position 
6, according to the invention. In Fig. 3a, the indicator 
surface 2 and reflection-type hologram 4 are ortho- 
gonal to a direction 24 defined by connecting the cen- 
ters of the indicator surface 2 and reflection-type 15 
hologram 4. A user of the display unit obliquely (at an 
angle do) observes a displayed image with respect to 
a nonmal of the reflection-type hologram 4 (the image 
combiner). In this arrangement, an apparent vertical 
size of a displayed image is cosdo times the size of a 20 
real image. This arrangement raises no problem in 
practical use because 0o = 37 degrees, i.e.. 0.8 times, 
for example. 

In Fig. 3b. the reflection-type hologram 4 is tilted 
by 0i relative to the direction 24 to form a reflection 25 
direction of Go. Compared with Fig. 3a. this anrange- 
ment is advantageous in reducing 9o. A reflected and 
diffracted direction from the reflection-type hologram 
4 may coincide with a regular reflection direction on 
the surface thereof so that, when spectra of indicator 30 
light are wider than a wavelength selection range of 
the reflection-type hologram 4. the color and bright- 
ness of a displayed image may change. 

\n Fig. 3c. a user of the display unit orthogonally 
views the reflection-type hologram 4. This is prefer- 35 
able because the indicator surface 2 is vertical to a 
line of sight. The reflection-type hologram 4, however, 
is greatly inclined (angle 91) relative to the direction 24 
so that this arrangement may be unreasonable as an 
image-forming system. 40 

These three positional relationships are selected 
depending on the configuration, usage, etc.. of the 
display unit. 

Figures 4a, 4b and 4c show examples of arrange- 
ments of the image-forming system of the invention. 45 
Figure 4a is a standard arrangement in which the indi- 
cator surface 2 and reflection-type hologram 4 (the 
image surface) are orthogonal to an optical axis 25 of 
the image fonming means 3. This arrangement corres- 
ponds to Fig. 3a. Figures 4b and 4c correspond to so 
Figs. 3b and 3c. respectively. Similar to Fig. 4a. Fig. 
4b shows the indicator surface 2 and reflection-type 
hologram 4 (the image surface) which are orthogonal 
to the optical axis 25 of the image-forming means (the 
lens system) 3. Figure 4b uses a location where the 55 
height of an image is large. To realize this arrange- 
ment, the lens system must have a wide view field. In 
Fig, 4c, the reflection-type hologram 4 (the Image sur- 



face) is tilted relative to the optical axis 25 of the 
image-forming means 3. and accordingly, the indi- 
cator surface 2 also must be tilted, and as a result, the 
image has a trapezoidal distortion. These three 
anrangements are selected depending on the quantity 
of distortion allowed for a displayed image, and the 
cost and application of the display unit. 

Figure 5 is an explanatory view showing an 
embodiment which enables an observer to see a dis- 
played image with both eyes, or which expands an 
eye position range wherein the observer can see a 
displayed image. A point P on an indicator surface 2 
forms a point Q on a reflection-type hologram 4. and 
the point Q diverges toward an eye position 6 at a 
solid angle O. as explained with reference to Fig. 1. 
When the displayed image is seen at a least distance 
of distinct vision (a short distance between the eyes 
and the image combiner, for example. 30 cm), and 
when a circular cone 26 formed by the divergent light 
must include both eyes, an aperture of an image-form- 
ing means 3 must be large. The image-fomning means 
also must have a wide view field. These elements 
increase the cost of the image-forming means. To use 
a low-cost lens system having a relatively simple 
structure for the image-fonming means 3, the lens sys- 
tem must have a capacity of sending indicator light to 
the eyes 6a and 6b even with a small aperture. This 
may be easily achieved with a hologram 4' formed by 
overlaying a reflection-type hologram 4a and a reflec- 
tion-type hologram 4b one upon another, or by multi- 
recording the holograms 4a and 4b. The hologram 4a 
converges spherical wave light diverging from a pupil 
position 22 of the image forming means 3 toward the 
right eye position 6a of the user of the display unit, 
while the hologram 4b converges the spherical wave 
light diverging from the pupil position 22 of the image 
forming means 3 toward the left eye position 6b of the 
user of the display unit. A method of forming the mul- 
ti-recorded hologram is per se known. In this speci- 
fication, "multi-recorded" means to form a plurality of 
holograms on a single recording medium layer, and 
"multilayer^ means to laminate a plurality of recording 
medium layers each having a required hologram one 
upon another. 

Figure 6 shows another embodiment of the Inven- 
tion, wherein an image indicated on an indicator sur- 
face 2 of an indicator 1 passes through an 
image-forming means 3 (for example, a lens system) 
and is reflected by a regular reflection mirror 8 to form 
an image on a vertically arranged reflection-type 
hologram 4 (an image combiner). The formed image 
is reflected and diffracted toward an eye. 6 of a user 
of the display unit in a nonmal direction of the reflec- 
tion-type hologram 4. The reason why an optical path 
is folded with the regular reflection mirror 8 is enable 
the indicator 1 and imageforming means 3 to be horn 
zontally arranged. The indicator surface 2 is tilted 
relative to an optical axis 25 of the image forming 
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means 3, and this tilt causes a trapezoidal distortion 
on the real innage on the image combiner, which dis- 
tortion may be eliminated by distorting the displayed 
image into a reversed trapezoidal shape. The reflec- 
tion-type hologram 4 is an off-axis reflection-type 5 
hologram having a function of converging spherical 
wave diverging from a virtual Image 22' at a pupil posi- 
tion 22 of the lens system 3 toward the eye position 
6. 

Figure 7 shows a method of preparing the holog- io 
ram 4. wherein a coherent spherical wave diverging 
from a point 6 interferes with a spherical wave con- 
verging to a point 22' to form a hologram on a photo- 
sensitive material layer (a recording medium) 51 
disposed on a substrate 50. In this method, a holog- is 
ram-forming wavelength is equal to a peak 
wavelength of indicator light. When the wavelength of 
the indicator light differs from the hologram-forming 
wavelength, the difference in the wavelength must be 
considered when designing wave fronts of the two 20 
light fluxes so that they interfere. This designing 
method is known, and thus will not be explained. The 
hologram is processed according to conventional 
sequences used when preparing a volume-type 
hologram. In Fig. 6, light which has been reflected and 25 
diffracted by the reflection-type hologram 4 acts as if 
the surface of the hologram Is a light-emitting surface. 
The light from the hologram 4. however, has a strong 
directivity, unlike thatof a conventional emission-type 
display unit, and all of the reflected light is propagated 30 
to the vicinity of the eye position 6 of the user of the 
display unit, to thus show a bright image. 

Regulariy reflected light 27 (indicated with dotted 
lines in Fig. 6) from the surface of the reflection-type 
hologram 4 may be removed by making the hologram 35 
off axis. The reflection-type hologram has a 
wavelength selectivity such that the light actually used 
for displaying an image is limited to that having a 
wavelength band selected by the hologram from 
among emission spectra of the indicator 1. The emis- 40 
sion spectra of the indicator are generally wider than 
a wavelength selection width of the hologram, and 
thus light having a wavelength outside the wavelength 
selection width transmits the hologram (transmitted 
light 28). When the display unit is transparent, and the 45 
user does not want a stranger behind the image com- 
biner seeing the displayed images, the transmitted 
light 28 must be made to vanish. One way of accom- 
plishing this is to replace the optical path folding mirror 
8, which may be a simple aluminum deposited mirror. so 
with, for example, a regular-reflection-type hologram 
and a multilayered film mirror having the same 
wavelength selectivity as that of the hologram com- 
biner. This anrangement can remove in advance light 
having a wavelength band which is not reflected by 55 
the image combiner. 

Figure 6 is a side view, and thus only one eye is 
shown in the figure. To guide indicator light toward the 



left eye and the right eye. holograms may be mul- 
tilayered or multi-recorded as explained before (Fig. 
5). The restrictions on the eye position 8 can be 
relaxed if the aperture of the image-forming means 3 
is enlarged, and thus an adjustable aperture diap- 
hragm 9 can be arranged in the vicinity of the pupil 
position 22 of the image-fonming means 3, to thereby 
change a spatial limit of the eye position 6. 

Figure 8 is an external view showing an example 
of a display unit according to the invention. A reflec- 
tion-type hologram 4 is formed on a transparent plate 
(an image combiner) 10. which is orthogonal to the 
unit 1 1 (Fig. 6) including the indicator 1, imageforming 
means 3, and minror 8. When the display unit is not 
used, the transparent plate is turned by 90 degrees 
through a rotary mechanism (for example, the image 
combiner may be rotatabty supported with a pin 53) to 
be horizontal with respect to the surface of the unit. 

Numeral 56 denotes a projection window, and 57 
a power source cable. The embodiment of Fig. 8 is 
based on the arrangement of Fig. 3c. but of course 
can be also based on the arrangement of Fig. 3a or 
3b. 

Figure 9 shows still another embodiment of the 
invention. Instead of the flat image combiner 10, this 
embodiment employs a curved surface 10' with an 
image-forming means 3 having image face curving 
characteristics, i.e., an image face curving aberration. 
With this arrangement, a real image on an indicator 
surface 2 can be made to substantially agree with the 
surface of a reflection-type hologram 4 on the curved 
substrate 10'. 

In Fig. 10, an image combiner 10 comprises a 
transmission-type hologram 4' instead of the reflec- 
tion-type hologram. Arrangements for forming a real 
image on the surface of the transmission-type holog- 
ram 4' according to an image indicated on an indicator 
surface 2 are the same as those of Fig. 1. The real 
image is diffracted, however, toward an eye position 
6 of a user of the display unit, located on the opposite 
side of the image combiner with respect to the image 
forming system. The transmission-type hologram 4' 
also may be made by multi-recording a plurality of 
holograms, so that a displayed image may be made 
incident on the left eye and the right eye of the user. 
If it is required to block regulariy reflected light 27 on 
the surface of the image combiner, a reflection- 
preventive film may be applied over the transparent 
plate, and thus light which is not diffracted by the 
transmission-type hologram 4' will not catch the eyes 
if a deflection angle (J of the hologram is large. The 
wavelength selectivity of the transmission-type holog- 
ram 4' is weak, so that the color of a displayed image 
may change depending on the positions of the eyes. 
When the eyes are moved from top to bottom, the 
color of a displayed image changes from blue to green 
to yellow, and is read in this order (when the indicator 
provides a white indication). 
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In this way, the present invention can realize the 
anrangements of Figs. 1 through 9 with the same con- 
figuration but using the transmission- type hologram. 

The reflection-type hologram selectively reflects 
light having a narrow wavelength band (20 to 30 nm), 
and this why an image combiner made of a piece of 
the reflection- type hologram provides a monochrome 
image. An image with more than two colors can be 
realized with a hologram made by laminating or mul- 
ti-recording a plurality of reflection-type holograms 
which reflect light having different wavelength bands. 

For example, to realize a transparent display unit 
which can display an image with yellow and red colors 
with the arrangement of Fig. 1 , it is possible to employ 
a multi-recorded reflection-type hologram having the 
wavelength selecting reflection characteristics as 
shown in Fig. 1 1. In this case, the multi-recorded ref- 
lection-type hologram is fabricated to have a function 
of converting spherical wave light diverging from the 
pupil position 22 of the image-forming means 3 into 
spherical wave light converging toward the eye posi- 
tion 6 of the user of the display unit, with respect to 
wavelengths of 585 nm and 660 nm. Instead of multi- 
recording the two reflection-type holograms, the same 
function will be obtained by preparing the two holog- 
rams separately, and then adhering them together 
face to face. 

To display an image with three colors, three 
holograms are multi-recorded or multilayered. For 
example, a multi-recorded reflection-type hologram 
having wavelength-selecting reflection character- 
istics shown in Fig. 12 is used. In this case, the mul- 
ti-recorded reflection-type hologram is fabricated to 
present a function of converting spherical wave light 
diverging from the pupil position 22 of the image-form- 
ing means 3 into spherical wave light converging 
toward the eye position 6 of the user of the display 
unit, with respect to wavelengths of 445 nm (blue). 
530 nm (green), and 680 nm (red). Note, instead of the 
above multi-recording three reflection-type holog- 
rams, these may be prepared separately and adhered 
together. For example, two holograms are multi-recor- 
ded and adhered with a singulariy recorded hologram 
such that the media thereof face each other. If the 
three holograms are prepared separately and 
adhered to one another, at least one substrate is held 
between hologram layers, and this may cause a large 
positional deviation (of the order of millimeters) for the 
thickness of the substrate. As a result, a real image on 
the indicator surface may not be simultaneously for- 
med on the three layers of hologram faces, which 
causes a loss of visibility. 

As explained above, a real image is formed on the 
surface of a hologram of an image combiner accord- 
ing to an image provided by an indicator. The holog- 
ram diffracts the real image toward the eyes of a user 
of a display unit. The display unit is transparent and 
is a non-virtual (real) image type similar to a conven- 



tional display unit. The use of the transparent display 
unit of the invention enables a displayed image and a 
background to be observed simultaneously. 

By multi-recording or laminating holograms, a 
5 range of eye positions whereat a displayed image is 
seen can be expanded, and an image may be dis- 
played with many colors. 

A hologram element has a wavelength diverg- 
ence and thus is usually combined with a hologram for 
10 cancelling any chromatic aberration. This arrange- 
ment of the invention provides an advantage of form- 
ing a real image on the surface of a hologram, and 
thus no aberration occurs even if a difference in 
wavelengths causes the deflection directions to differ 
15 from one another. 

The reflection-type hologram 4' (4a. 4b) of the dis- 
play unit of Fig. 5 usually has a narrow reflective 
wavelength band ranging, for example, from 20 to 30 
nm, as can be seen in Figs. 1 1 and 1 2, and when com- 
20 bined with a usual indicator having an emissive 
wavelength band of about 70 nm or greater, the use 
efficiency of light is lowered. Accordingly, a simple 
solution is to use an indicator having a high bright- 
ness, but an indicator having a high brightness and 
25 employing a special phosphorescent material, to 
thereby realize a nanrow emissive wavelength band, 
is expensive. To this end. the following several embo- 
diments (Figs. 13 - 19b) realize a display unit which 
can improve the brightness of a displayed image with 
30 a conventional indicator having a usual spectra and 
brightness, without employing such a special indi- 
cator. 

In a display unit of these embodiments, the reflec- 
tion-type hologram 1 3 corresponding to the reflection- 

35 type hologram 4' in Fig. 5 reflects light having a 
wavelength band around a wavelength X^ . toward the 
position of one eye 6a of the user, while reflecting light 
having a wavelength band around a wavelength X.2, 
which is different from the wavelength X1, toward the 

40 other eye 16b of the user, so that the user can see the 
image composed of the light of different wavelength 
bands through the left-eye and the right eye. 

The reflection-type hologram 13 is made by mul- 
ti-recording or laminating reflection-type holograms 

45 13a and 13b for reflecting lightof twoor more different 
wavelength bands, thereby expanding a reflective 
wavelength band of the reflection-type hologram 13, 
improving the use efficiency of the indicator light, and 
increasing the brightness of a displayed image, and 

50 thus even with a bright background, a displayed 
image overiapping the background is clearty visible. 
A stereoscopic vision may be realized by employing 
two reflective wavelength bands which greatly differ 
from each other, and by including parallax information 

55 in displayed images for the respective wavelength 
bands. 

In Fig. 13. which relates to a monochromatic dis- 
play unit, numeral 1 is an indicator, 3 an image-form- 
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ing means employing lenses, etc. and 13 a reflection- 
type hologram disposed at a position where an image 
14 on the indicator 1 forms a real image 15 through 
the image-forming means 3. The hologram comprises 
a first reflection-type hologram 1 3a having a reflective 5 
wavelength band with a peak wavelength X^ 
(hereinafter referred to as A.1) and a second reflection- 
type hologram 13b having a reflective wavelength 
band with a peak wavelength X2 (hereinafter referred 
to as X2). These holograms are adhered together to io 
face each other. 

As shown in Fig. 14, the wavelengths XI and X2 
are set to differ from each other by about a half width 
of a reflective wavelength band of the reflection-type 
hologram within light emission spectra (indicated with is 
a curve C) of the indicator. If a full width at half 
maximum is about 30 nm. they may be XI =515 nm 
and X2 = 545 nm. Curves A and B indicate spectra of 
the reflection-type holograms 13a and 13b, respect- 
ively. As shown in Fig. 13, the first reflection-type 20 
hologram 13a is fabricated to focus spherical wave 
light diverging from a principal point (pupil) 22 of the 
image forming means 3 at the position of a left eye 6a, 
while the reflection-type hologram 13b is fabricated to 
focus the spherical wave light diverging from the prin- 25 
cipal point 22 of the image-forming means 3 at the 
position of a right eye 6b. 

According to the embodiment of the above 
arrangement, the indicator 1 provides the image 14, 
which fonns the real image 15 on the reflection-type 30 
hologram 13 through the image-forming means 3. 
Among the indicator lights reflected by the reflection- 
type hologram 13, XI is mainly reflected toward the 
position of the left eye 6a of the userofthe display unit 
while X2 is mainly reflected toward the position of the 35 
right eye 6b, so that the user can see the displayed 
image. 

Unlike the conventional technique which distri- 
butes the light of a single wavelength band to the left 
eye and the right eye, the embodiment allocates light 40 
of a single wavelength band to each of the left eye and 
the right eye, thereby increasing the brightness of a 
displayed image. The left eye and the right eye sense 
different colors from a displayed image; for example, 
a difference of 30 nm in wavelength allows a recogni- 45 
tion of a difference in color. Namely, 515 nm (yellow 
green) can be distinguished from 545 nm (yellowish 
yellow green). When seeing a monochromatic image 
with both eyes, a substantial problem arises even if a 
slight difference in color occurs in images for the left so 
eye and the right eye. Light having a wavelength be- 
tween XI and X2 is reflected by tioth the reflection- 
type holograms 13a and 13b but does not cause a 
double image because a real image is on the surfaces 
of the holograms. ss 

According to the embodiment shown in Fig. 13. 
the holograms for XI and X2 are separately prepared 
and adhered together. The first reflection-type holog- 



ram 13a and second reflection-type hologram 13b 
may be multi-recorded on a single hologram to pro- 
vide the same function. 

Figure 15 shows another embodiment of Fig. 1 3. 
In this figure, the same parts as those shown in Fig. 
13 are represented with like numerals. 

A difference of this embodiment from the previous 
embodiment is that the first and second reflection- 
type holograms 13a and 13b for constituting the ref- 
lection-type hologram 13 are replaced with 
multi-recorded holograms 13c and 13d. Namely, a ref- 
lection-type hologram 13c acting on the wavelength 
XI and a reflection-type hologram 13d acting on the 
wavelength X2 are multi-recorded (doubled) to face 
each other, thereby forming the reflection-type holog- 
ram 13. The XI and X2 are selected in the same man- 
ner as in the first embodiment. 

According to this embodiment, a mixture of colors 
of XI and X2 can be seen with the left eye and the right 
eye, so that the eyes do not sense a color difference. 
This embodiment can improve the brightness similar 
to the embodiment of Fig. 1 3. This embodiment forms 
the reflection-type hologram 13 with the two reflec- 
tion-type holograms 13c and 13d. It is possible to use 
three or more holograms to reflect light of more than 
three wavelength bands toward the left eye and the 
right eye of a user or toward a plurality of positions 
around the eyes, so that the user can see an image 
with a mixture of colors of more than three wavelength 
bands. 

Figure 16 shows a modified embodiment of Fig. 
15. In this figure, the same parts as those in Fig. 13 
are represented with like reference marks. 

A difference of this embodiment from the embo- 
diment of Fig, 1 is that the first and second reflection- 
type hologram 13a and 13b for constituting the 
reflection-type hologram 1 3 are replaced with first and 
second reflection-type holograms 13e and 13f for 
selectively reflecting wavelengths XI and X2' which 
greatly differ from a reflective wavelength band width 
of the reflection-type hologram 1 3. The two holograms 
are adhered together to form a two-layer structure, or 
multi-recorded on a single layer hologram medium, in 
forming the reflection-type hologram 13. An indicator 
1 provides an image (XI ) which is reflected only by the 
first reflection-type hologram 1 3e, as well as an image 
(X2') which is reflected only by the second reflection- 
type hologram 1 3f. 

This embodiment of the above arrangement 
utilizes parallax to provide a stereoscopic display 
image. Namely, images represented by XI and X2' for 
the left eye and the right eye. respectively, include 
parallax information. Namely XI is seen only with the 
left eye 6a. and X2' seen only with the right eye 6b, to 
thereby obtain a stereoscopic view due to the paral- 
lax. Figure 1 7 shows selected examples of X1 and X2', 
When X1 is in a region of blue and X2' in a region of 
red as shown in the figure, a stereoscopic view is seen 
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as if red-blue 3D glasses are worn. This embodiment 
enables a user to see a background through the 
hologram without the use of the red-blue 3D glasses. 

When a plurality of holograms are adhered 
together to form a muttilayered structure in each of the 5 
above embodiments, the smaller the intervals be- 
tween the holograms, the better. This is because, if 
the intervals between the holograms are large, the 
positions of surfaces on which a real image is formed 
differ from one another to produce a double image. To io 
adhere two layers of holograms to each other, two 
substrates 18 each having a hologram 17 are 
employed as shown in Fig. 18a. The holograms are 
arranged to face each other and adhered together 
with optical adhesives 19 as shown in Fig. 18b. The is 
thickness of the adhesive layer is usually suppressed 
to less than several tens micrometers, to avoid the for- 
mation of a double image. 

To adhere three or more layers of holograms 
together, each side hologram is made from, for 20 
example, a glass plate several millimeters thick on 
which a hologram 17 is formed as shown in Fig. 19a. 
An intermediate hologram is made from a thin trans- 
parent sheet 20 on which a hologram 17 is formed. 
These holograms are adhered together with optical 25 
adhesives 19 as shown in Fig. 19b. This arrangement 
can reduce the total thickness of the substrates and 
holograms. 

According to the embodiments shown in Figs. 13 
through 1 9b, an image on an Indicator passes through 30 
an image-forming system and forms an image on the 
surface of a reflection-type hologram, which reflects 
and focuses the image at the positions of the eyes of 
a user of a display unit, so that the user can see the 
displayed image and a background simultaneously. 35 
The hologram is made by double-recording or lami- 
nating holograms that reflect tight having two different 
wavelength bands. The two reflection-type holograms 
are fabricated to focus light separately at the positions 
of the left eye and the right eye of the user of the indl- 40 
cator, thereby improving the brightness of a displayed 
image. The two reflective wavelength bands may 
greatly differ from each other to produce images con- 
taining parallax information, thereby providing the 
user with a stereoscopic view. Reflection-type holog- 45 
rams having different reflective wavelength bands 
may be multi-recorded or laminated to form a mul- 
tilayer structure, which focuses indicator light at a 
plurality of points around the positions of the eyes of 
a user. This arrangement improves the brightness of so 
a displayed image. 

The embodiments naturally maintain the advan- 
tage that displayed and background images can be 
simultaneously seen. 

Although the visual area can be expanded with ss 
the method of Fig. 5, as mentioned above, a displayed 
image sometimes may be caught by only one eye of 
the user, if indicator light reflected by the hologram 4' 



is spatially separated and if the head of the user is 
moved left and right or back and forth (in the direction 
of propagation of the indicator light). An aperture of an 
image-forming lens 3 may be enlarged to eliminate 
the spatial separation of the indicator light emitted 
toward the left eye and the right eye of the user, and 
reduce the chance of the user seeing the displayed 
Image with only one eye. Note, this may cause a 
change in the brightness of the displayed image. 

Figure 27a shows an area (a visual area) In which 
a displayed image can be seen. When the eyes are 
located In a hatched areas, the brightness of the dis- 
played image becomes about twice the brightness of 
other areas. When the user moves his or her head to 
the left or right while seeing the displayed image, the 
brightness of the displayed image flickers. If the 
brightness of the displayed image changes depend- 
ing on the position of the eyes, the user may be fati- 
gued and suffer inconvenience when using the 
display unit. The image-forming lens system may 
have a rectangular mask to join visual areas together 
as shown in Fig. 27b. This may eliminate brightness 
unevenness but cannot remove a boundary (discon- 
tinuous line L). The following embodiments shown in 
Figs. 20a to 26 realize an expansion of a visual area 
without producing a discontinuous line. 

According to an embodiment shown in Fig. 20a,a 
holographic screen 61 for diffracting a real image 
comprises hologram elements which are two-dimen- 
sionally arrayed to change a divergent or convergent 
solid angle of an incident light wave. Each of the 
hologram elements satisfies a Bragg condition with 
respect to light having a predetenmined wavelength 
band. The hologram elements are so arranged that 
incident light of the hologram elements passes 
through a predetermined point A or a narrow space 
including the point A while outgoing light thereof pas- 
ses through a predetermined point B or a narrow 
space Including the point B. 

With this arrangement, a spot on an image on the 
indicator forms a real Image through the image-form- 
ing lens system. At this time, the focal length and 
aperture of the lens system determine the solid angle 
of a focusing beam, which is enlarged due to diffrac- 
tion at the hologram elements, and as a result, a dis- 
continuous boundary Is not formed and a visual area 
can be expanded. 

Figures 20a and 20b show an example of the 
arrangement and function of a holographic screen of 
the present invention, in which Fig. 20a is a general 
view showing the holographic screen 61 comprising 
two-dimensionally anrayed hologram elements for 
changing the solid angle of a divergent or convergent 
wave and reflecting the wave. The hologram shown is 
a model, so that grid lines appear, but actually the 
hologram (holographic screen 61) is transparent Fig, 
20b is an enlarged view showing one of the hologram 
elements 63. With respect to light having a predeter- 
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mined wavelength band, the hologram element 63 ref- 
lects divergent light having a solid angle of Q and 
changes the solid angle to CI'. If Q' > Q, a divergent 
angle of the light increases. As shown in Fig. 20a, an 
optical axis f 1 of incident light of the hologram ele- 5 
ment passes through a point A. while an optical axis 
1^2 of outgoing light of the hologram element passes 
through a point B. All of the hologram elements 63 are 
fabricated such that the incident and outgoing optical 
axes thereof pass through the points A and re- io 
spectively. It must be noted that little problem arises 
even if the optical axes do not pass precisely through 
the points A and B but in the vicinity thereof. 

In Fig. 20a, a divergent wave is reflected. The 
anrangement of Fig. 20a is also effective if a divergent is 
wave converges after reflection as shown in Fig. 21a, 
or if a convergent wave diverges after reflection as 
shown in Fig. 21 b, or if a convergent wave is reflected 
as shown in Fig. 21c. In Fig. 20a, each hologram ele- 
ment 63 has a rectangular shape, but the shape is not 20 
necessarily rectangular, and boundaries between the 
hologram elements 63 are not necessarily distinct. 

Figures 22a. 22b show an optical system of a dis- 
play unit employing the holographic screen 61 shown 
in Fig. 20a, In which Fig. 22a is a general view, and 25 
Fig. 22b an enlarged view of the holographic screen. 
Note that the reflection-type hologram elements 63 
are small and circular rather than a grid. In Fig. 22a, 
an image 14 on an indicator 1 passes through an 
image-forming lens 3 and forms a real image 1 5 on the 30 
surface of a holographic screen 61. Each point on the 
real image diverges and propagates toward an inter- 
mediate point between left and right eyes 6a and 6b 
of a user of this display unit. The holographic screen 
61 is fabricated such that the points A and B of Fig. 35 
20a coincide with the center of an exit pupil of the 
image forming lens and the intenmediate point be- 
tween the left and right eyes 6a and 6b, respectively. 
A point P on the image 14 on the indicator 1 forms an 
envelope of light flux as indicated with hatched por- 40 
tions in Figs. 22a and 22b. A convergent solid angle 
O formed by the image-fomning lens 3 changes to Q' 
(> CI) after reflection by the holographic screen 61, 
thereby expanding a visual area of Fig. 5 (indicated 
with a dotted line 60' in Fig. 22a) to a visual area 60. 45 

Figure 23 shows a method of forming the 
holographic screen 61, as shown in Figs. 22a and 
22b. A hologram recording medium 73 is disposed on 
one side of a transparent substrate 71, thereby prep- 
aring a holographic plate 70. Coherent light rays L, so 
and L2 irradiate each side of the holographic plate 70, 
which is developed to form a refiection-type hologram. 
Coherent light Li for irradiating one side of the 
holographic plate 70 is a divergent spherical wave, 
which passes through a distributed index lens array 55 
plate 75 disposed In the vicinity of the holographic 
plate 70 and irradiates the holographic plate. Cohe- 
rent light L2 for irradiating the other side of the 



holographic plate is a convergent spherical wave, 
which passes through another distributed index lens 
an-ay plate 75 disposed in the vicinity of the 
holographic plate 70 and irradiates the holographic 
plate. It is preferable to arrange masks 77 on the sur- 
faces of the distributed index lens array plates 75, to 
cut unnecessary noise light. By controlling the relative 
positions of the two distributed index lens array plates 
75 and by inradiating the holographic plate with diver- 
gent waves from each side, reflection-type hologram 
lenses will be two-dimensionally arrayed. The size of 
each reflection-type hologram lens (a hologram ele- 
ment), which corresponds to each display pixel, is, for 
example, several hundreds of micrometers. 

Figure 24 is a reduced view showing the 
holographic screen forming system. The position of 
divergence of the divergent wave is determined 
according to the center of an exit pupil of an image- 
forming lens 3 of a display unit to be fabricated later. 
A focal point of the convergent wave L2 is determined 
according to the positions of the eyes of a user of the 
display unit. The incident angles of the two light fluxes 
Li and L2 relative to the holographic plate 70 are set 
according to the direction of projection relative to the 
holographic screen and the direction of viewing a dis- 
played image. 

The wavelength of the coherent light is selected 
according to the sensitivity of the hologram-recording 
medium, and does not always coincide with the 
wavelength band of display light. In this case, a differ- 
ence in wavelengths for preparing and using the 
hologram must be considered when determining the 
positions of the distributed index lens anray plates 75 
and the directions of emission of the two kinds of 
coherent light Li and L2. 

Figures 25a and 25b show an example of the dis- 
tributed index lens an'ay plate 75. A proton exchange 
method, for example, Is employed to form nearly 
spherical regions 83 (distributed index regions) hav- 
ing different refractive indexes on a fransparent sub- 
strate 81. An explanation of this method Is not given 
herein, as it is well known. When an Incident direction 
of light to the distributed index lens changes, an aber- 
ration occurs, but this will not cause a problem as long 
as it is in the size of a pixel. 

The above explanation has been made mainly of 
the reflection-type holography screen 61, but a trans- 
mission-type holographic screen can also materialize 
a display unit (Fig. 26). It is difficult, however, to prep- 
are a very small transmission-type hologram lens 
anray with the distributed index lens array plates, so 
that another method such as mask exposure, EB 
drawing, etc., must be employed. 

The reflection-type holographic screen -has been 
explained for a selected single reflection wavelength, 
but it is possible to prepare a multilayered structure by 
laminating a plurality of holographic screens for selec- 
tively reflecting light of different wavelength bands. 
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similar to Figs. 1 3. 1 5 or 1 6, to thus realize a multicolor 
display. Instead of the multilayered structure* a 
plurality of the holographic screens may be multi- 
recorded on a single layer medium to thus realize a 
multicolor display. s 

As explained above, an image on an indicator 
passes through an image forming system and forms 
an image on the surface of a hologram of a display 
unit The image on the hologram is focused at the 
positions of the eyes of a user of the display unit so io 
that the user can simultaneously see the displayed 
image and a background image. The display unit 
employing the holographic screen, as shown in Figs. 
20a through 26 has an expanded visual area so that 
the user can stably see displayed images even if the is 
user moves his or her head to some extent. 

The embodiments maintain the advantage that 
displayed and background images can be simul- 
taneously seen. 



Claims 

1 . A display unit comprising an indicator (1 ) for pro- 
jecting a predetermined image, an image-forming 25 
optical system (3) for forming a real image at a 
predetermined position according to the image 
projected by the indicator, and a transparent 
hologram screen (10) disposed at the image- 
forming position of the image-forming optical sys- 30 
tem to diffract the real image in a predetermined 
direction. 

2. A display unit as set forth in claim 1. wherein the 
transparent hologram screen (10) comprises a 35 
hologram (4) having the function of converting. 

with respect to at least one wavelength of the indi- 
cator light, spherical wave light which divergently 
propagates from the image-forming optical sys- 
tem (3) into spherical wave light which conver- 40 
gently propagates toward the eyes of an 
observer. 

3. A display unit as set forth in claim 1 or 2. wherein 

the transparent hologram screen (10) comprises 45 
a hologram (4; 13) composed of multi-layered 
holograms or a plurality of holograms multi-recor- 
ded on a single photosensitive medium for dif- 
fracting the light toward a con-es ponding plurality 
of points around the eyes of an obser/er. so 

4. A display unit as set forth in claim 3. in which the 
hologram screen (10) includes two holograms 
(4a, 4b; 13a. 13b) and the corresponding two 
points correspond to the left and right eyes (6a. ss 
6b) of the observer. 

5. A display unit as set forth in any preceding claim 



and having a wavelength band-pass filter (8) for 
selectively transmitting, or an optical path folding 
mirror (8) having wavelength selectivity for selec- 
tively reflecting light whose wavelength is in a 
selected wavelength band of the hologram, dis- 
posed in the optical path between the hologram 
(4) and the indicator (1). 

6. A display unit as set forth in any preceding claim, 
wherein the image-forming optical system is pro- 
vided with a variable-aperture diaphragm (9) for 
controlling the visible range of the displayed 
image. 

7. A display unit as set forth in any preceding claim, 
wherein the transparent hologram screen com- 
prises a transparent curved substrate (10') hav- 
ing a hologram (4). and the image-fonming optical 
system (3) has field cun/ature aberration for form- 
ing an image on the curved hologram screen 
according to a planar image provided by the indi- 
cator (1). 

8. A display unit as set forth in any preceding claim, 
wherein the hologram screen comprises a reflec- 
tion-type hologram (13), which deflects the real 
image toward the positions of the eyes (6a. 6b) of 
an observer by means of the diffracting properties 
of the hologram so that the user can see the 
image on the reflection-type hologram (13). the 
reflection-type hologram (13) reflecting light hav- 
ing a wavelength band around a wavelength 1 
toward the position of one (6a) of the eyes of the 
user while reflecting light having a wavelength 
band around a different wavelength 2 toward the 
other eye (6b) of the user, so that the user can see 
the image with the light of different wavelength 
bands through the left eye and the right eye re- 
spectively. 

9. A display unit as set forth in claim 8. when appen- 
dant to claim 3 or 4. the said two holograms (13a. 
13b) of the hologram screen respectively provid- 
ing the said wavelength-reflecting character- 
istics. 

1 0. A display unit as set forth in claim 8 or 9. wherein 
the difference between the wavelengths 1 and 2 
is selected to be substantially equal to the reflec- 
tive wavelength band width of the first and second 
reflection-type holograms (13a. 13b) so that ref- / 
lective spectra of the first and second holograms 

(13a. 13b) overiap. 

11. A display unit as set forth in claim 8 or 9. wherein 
the wavelengths 1 and 2 are selected such that 
the indicator means can produce an image to be 
reflected by the first reflection-type hologram 
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(13a, 13c. 13e) but not by the second reflection- 
type hologram (13b. 13d, 13f). as well as an 
image to be reflected by the second reflection- 
type hologram but not by the first reflection-type 
hologram. 

1 2, A display unit as set forth in claim 1 1 , wherein the 
Indicator (1) is adapted to produce an image for 
the left eye and an image for the right eye with the 
light having wavelength bands around the 
wavelengths 1 and 2, respectively, according to 
the parallax of the left eye (6a) and right eye (6b). 
so as to provide stereoscopic vision. 
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holographic plate (70) with coherent light through 
the lens array plates. 

19. A display unit as set forth in any of claims 1 to 7 
or 13 to 18. wherein the hologram screen (10) 
includes a transmission-type hologram (4'). the 
observer being on the opposite side of the screen 
from the image-forming optical system (3). 



13. A display unit as set forth in any of claims 1 to 7. is 
wherein the hologram screen comprises a reflec- 
tion-type hologram (13). which deflects the real 
image toward the positions of the eyes (6a, 6b) of 

an observer by means of the light-diffracting 
properties of the hologram so that the user can 20 
see the image on the reflection-type hologram 
(13). the reflection-type hologram (13) reflecting 
light having N wavelength bands around N diffe- 
rent wavelengths 1, ... N (N ^ 2) toward the eyes 
of the observer or toward a plurality of positions 25 
around the eye^ of the observer, so that the 
observer can see the image with a mixture of col- 
ours of the plurality of wavelength bands. 

14. A display unit as set forth in claim 1 3. wherein the 30 
N different wavelengths 1. ... N are selected to 
have substantially the same intervals as in the ref- 
lective wavelength bands of the reflection-type 
hologram (13). 

35 

1 5. A display unit as set forth in any of claims 1 to 7. 
wherein the hologram screen (61) comprises ref- 
lection-type or transmission-type holographic ele- 
ments such as lenses (63) arrayed on a single 
medium layer (73). 40 

1 6. A display unit as set forth in claim 1 5, wherein the 
incident and outgoing axes of the holographic len- 
ses are oriented slightly differently from one 
another by degrees. 45 



17. A display unit as set forth in claim 15 or 16, whe- 
rein the incident axes of the holographic lenses 
(63) pass through a principal point of the projec- 
tion lens system (3) while the outgoing axes 
thereof pass through the positions of the eyes 
(6a. 6b) of the observer. 

18. A display unit as set forth in any of claims 15 to 
17, wherein the hologram screen (61) comprises 
a reflection-type hologram which is formed by 
arranging lens anray plates (75) on each side of a 
holographic plate and by irradiating the 



50 



55 
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Fig. 5 
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Fig. 13 
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